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Abstract
Background: Children with cerebral palsy (CP) have life-long motor disorders, and they are typically subjected to
extensive treatment throughout their childhood. Despite this, there is a lack of evidence supporting the effectiveness
of early interventions aiming at improving motor function, activity, and participation in daily life. The study will evaluate
the effectiveness of the newly developed Small Step Program, which is introduced to children at risk of developing CP
during their first year of life. The intervention is based upon theories of early learning-induced brain plasticity and
comprises important components of evidence-based intervention approaches used with older children with CP.
Method and design: A two-group randomised control trial will be conducted. Invited infants at risk of developing CP
due to a neonatal event affecting the brain will be randomised to either the Small Step Program or to usual care. They
will be recruited from Astrid Lindgren Children’s Hospital at regular check-up and included at age 3–8 months. The
Small Step Program was designed to provide individualized, goal directed, and intensive intervention focusing on hand
use, mobility, and communication in the child’s own home environment and carried out by their parents who have
been trained and coached by therapists. The primary endpoint will be approximately 35 weeks after the start of the
intervention, and the secondary endpoint will be at 2 years of age. The primary outcome measure will be the Peabody
Developmental Motor Scale (second edition). Secondary assessments will measure and describe the children’s general
and specific development and brain pathology. In addition, the parents’ perspective of the program will be evaluated.
General linear models will be used to compare outcomes between groups.
Discussion: This paper presents the background and rationale for developing the Small-Step Program and the design
and protocol of a randomized controlled trial. The aim of the Small Step Program is to influence development by
enabling children to function on a higher level than if not treated by the program and to evaluate whether the
program will affect parent’s ability to cope with stress and anxiety related to having a child at risk of developing CP.
Trial registration: ClinicalTrials.gov Identifier NCT02166801. Registered June 12, 2014.
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Background
Cerebral Palsy (CP) is a result of a spectrum of early
acquired disturbance to the developing brain. The brain
abnormalities or insults that cause CP can appear at dif-
ferent time points during pregnancy and in the neonatal
period [1]. To date, there are no biological or pharmaco-
logical treatments. However, neurobiological research
suggests that the effectiveness of the neural networks
and pathways can be strengthened by early interven-
tions. Despite the rather large population of individuals
with CP world-wide, there is still a lack of evidence-
based early intervention programs that make it possible
to utilize the therapeutic window that the rapid brain
development and adaptability of the central nervous sys-
tem during the first year of life represents [2, 3]. This
paper describes the rationale, contents, and structure of
the Small Step Program, an early intervention program
for children at risk of developing CP. The Small Step
Program was designed to provide individualized, goal
directed, and intensive intervention within three
distinct foci (hand use, mobility, and communication)
in the child’s own home environment and carried out
by their parents who have been educated and coached
by therapists.
A plausible reason for the lack of effective early inter-
vention programs for children at risk of developing CP
is the common “wait and see” approach due to the un-
certainty of early diagnostic criteria [3]. There is a wide
range of factors, very often in combination, that can be
the cause of the early insult to the developing brain that
will result in the diagnosis of CP [4–6]. Highly individual
developmental trajectories of postural control, motor
function, and muscle tone that vary considerably during
the first years are frequently seen in children at risk of
developing CP. In addition, risk factors and signs of CP
might be visible at a very early age but might not neces-
sarily lead to CP. A child with delayed development
might recover and atypical signs might disappear, and
the opposite can occur in which a child develops CP
without obvious early signs. Thus, there is the dilemma
in that the potential effect of early intervention might be
lost if we wait with intervention until the CP diagnosis
has been confirmed. Although the ability to predict the
risk of developing CP at an early age has increased when
using a combination of general movement assessments,
neurological examinations, and brain imaging techniques
[7, 8]. Different brain structures are more susceptible to
injury during certain time periods during pregnancy. An
early insult during the first trimester can lead to a
maldevelopment of the brain, while the white matter,
particularly in areas close to the ventricles, is more
vulnerable to injury in the late second to early third
trimester. An insult close to term causes predominantly
cortical and subcortical grey matter lesions (e.g. injuries
involving the thalamus and basal ganglia) [9, 10]. The
timing of the brain disturbance, in addition to its size
and location, has been reported to be closely related to
the severity of motor impairments [9, 11]. The effects of
specific disturbance characteristics on motor develop-
ment are understood to some extent; however, very
little is known about the relationship between the
timing and extent of the lesion and the effects of
early interventions.
Evidence for the efficacy of early intervention
Early intervention, carried out during the first year in life
when the brain is under rapid development and most
plastic, is assumed to be more effective than interven-
tion later during development or in adulthood. This
assumption is based on the knowledge that neural net-
works and pathways that remain intact after brain injury
can be strengthened through learning-induced plasticity.
Recent animal studies have suggested that there is a
critical period of motor system plasticity and that
activity-dependent reorganisation of the corticospinal
motor-projection pattern to the hand occurs before
1 year of age [12, 13].
The potential of early interventions is well founded in
experimental research, while clinical studies on physio-
therapy for infants with CP, or children with high risk
for CP, have not been able to show positive changes on
motor development that exceed the expected develop-
mental trajectory [14–17]. It seems that the concept of
enriched environments based on great developmental
effects in animal research can be transformed to children
[18]. A recent pilot study using enriched environments
to elicit self-initiated motor behaviours; including parent
training and task analysis for frequent practice – has
shown promising results [19]. Another recent early
intervention study – COPing with and CAring for
Infants with Special Needs (COPCA) – although vague
results, is also of interest. COPCA is built of modern
theories of brain development and uses the neuronal
group selection theories framework in a family-centred
approach [20]. There is some evidence indicating that
more specific training might lead to a more favourable
outcome when compared to general training [15]. For
example, training approaches targeting other areas than
overall motor development, such as cognition, seem to
have positive results, at least in a short-term perspective,
in preterm children [16, 21]. Early intervention directed
towards communication is also known to have a positive
influence on cognitive and pre-linguistic development
and to result in more advanced communication in pre-
term children in a short term perspective [22]. When it
comes to interventions targeting hand function, there is
no specific intervention program developed for children
with a high risk of developing CP. However, for children
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with unilateral CP, there are studies indicating that
Constraint-Induced Movement Therapy (CIMT) can be
adapted and used for infants and that this can increase
the odds of having a higher functional level when the
training is introduced within the first year of life [23].
From a family perspective, it is also of interest to high-
light that early interventions have been shown to facili-
tate bonding and to reduce parental stress [8, 24]. These
positive changes following intervention within the areas
of cognition, communication, and attachment provide
an interesting and promising contrast to the absence of
improvements in overall motor development following
intervention for infants. This is especially the case
because there are high levels of evidence for several
different treatment approaches aiming to improve motor
function in older children [17]. Thus, there is a great
need to develop new methods to improve models for
early interventions in younger children and infants at
high risk of developing CP.
Theoretical background for the small step program – the
child’s perspective
The Small Step Program is an individualized, goal
directed, and intensive intervention that focuses on hand
use, mobility, and communication. The program is
intended to be carried out in the child’s home environ-
ment and be conducted by their parents who are trained
and coached by therapists. The program is designed be
used from about 4 months of age and seeks to take
advantage of the theoretically plastic period of brain
development at this age. The program is designed to in-
clude and combine components that are known to be of
importance in evidence-based intervention approaches
for older children. The challenge in the Small Step Pro-
gram is to adapt this knowledge and apply it within an
intervention for very young children.
The goal-directed approach has been successfully used
in older children [25, 26]. However, for families in a very
vulnerable time period of life, with a young infant with
high risk of developing CP, it is not easy to define goals
in either the short or long-term perspective. In a goal-
setting approach, the person’s own individual wishes are
a strong ingredient, and it is suggested that the goals
should be functional and meaningful for daily life [27].
Such a goal-centred approach is taken in the Small Step
Program, and collaboration between the parents and
therapists will help the family to determine and focus on
what their infant will likely be able to learn as a next
step within the different foci and to define goals that are
closely related to the child’s ability and cognitive level.
Within the Small Step Program, great emphasis is
put on children’s self-initiated actions, which are
stimulated by meaningful and motivating activities
and toys [28, 29]. The stimuli should be clear and
understandable for the child and should be related to
the child’s developmental stage. It is assumed that de-
velopment is driven by children’s unique characteris-
tics and capacity to explore a situation through which
they discover new and more advanced activities.
Therefore, the training should be conducted at a level
that is challenging, but not too demanding, i.e. the
training should fall within the zone of proximal devel-
opment, ZPD [30]. The scaffolding and shared atten-
tional focus provided by the ZPD aims to ensure that
the child’s interest is maintained for as long as pos-
sible, which will promote the internalisation of inde-
pendent developmental achievements. This concept is
commonly applied within motor learning programs.
The challenge here lies in helping parents understand
how self-initiated actions can be promoted for infants
with a very low ability level.
Another important principle of the program is the
concept of repetition and extensive practice. It is well
established that a task has to be well learned if it is to be
performed effectively. Thus, it must be possible even for
infants to experience that a particular task can be per-
formed with ease and success, such as grasping a toy or
keeping control of their gaze. When Adolph and
colleagues studied factors that could explain the rate of
improvement when toddlers with typical development
learn to walk, the only significant factor found was the
amount of experience and practice that children had
[31]. In the Small Step Program, we commonly use the
word training, and in this sense it is synonymous to
practice. It has to be emphasized that training can only
be performed as long as the infant finds it enjoyable be-
cause infants cannot be forced to perform self-initiated
actions. One of the overarching goals with the Small
Step Program is thus to create a positive reflective at-
mosphere that promotes self-initiated actions and com-
munication and communication in the child’s home
environment. Maximizing the frequency of self-initiated
motor activity in the child’s everyday environment has
been suggested to be the most crucial factor supporting
motor learning [32].
The rationale for dividing the intervention program
into the three focus areas of hand use, mobility, and
communication is to facilitate the learning process
within each area. Typically, a child learns a lot within
each area during the first year of life, and each focus area
includes a huge amount of competence for parents as
the training providers to capture. There is a limited
amount of time during the day when a small child can
attend to practice because caring and sleeping usually
predominate their days. By introducing specific foci, we
intend to help the family to optimize the training and to
use their time as efficiently as possible. The hand-use
focus will be used to help the child explore their external
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world through object manipulation, and this creates an
important link to the child’s cognitive development.
Knowledge about fine motor development and object
exploration will guide the introduction of new activities.
Voluntary action starts to emerge at birth, and von
Hofsten and Lindhagen have demonstrated that reaching
and grasping actions can be detected even in new-borns,
though it takes some months before grasping actions are
obvious and frequent [33]. In the first year of life, infants
gradually gain remarkable control over their hands, and
they begin exploring and manipulating objects with in-
creasing skill [34, 35]. The mobility focus will be used to
reach new gross motor ability goals with the overall aim
that children should be able to move about and explore
their external world on their own. This includes activ-
ities like maintaining and changing body position, sitting
and standing, and any other form of mobility. The prin-
ciples for reaching goals will be based on matching the
child’s present capacity and environment with the target
actions [36]. As a consequence, motor learning will not
be expected to occur in the same order as in children
with typical development. However, we do expect accel-
erated motor development to occur because there is a
rapid pace during the first year of life during typical
development. The communication focus will be used to
enhance sensitive parental communication strategies
that support child-centred interactions and child initia-
tives. The infants’ early communication skills will cover
a wide range of behaviours such as crying, body move-
ments, gestures, and directed gaze. These communica-
tion signals are the foundation for later linguistic skills
and cognitive development. An important landmark to
develop is shared focus or joint attention, i.e. the mutual
attention between the infant and the parent. A particu-
larly important form of joint attention is triadic engage-
ment in which the infant can alternate his/her gaze
between the parent and an outside object or event. Joint
attention forms both a cognitive as well as a socio-
emotional foundation for the child’s learning during ac-
tivities and for their inter-personal engagement [37–39].
Raising awareness of the child’s communicative attempts
and learning to respond and maintain communication
will guide the training.
The intervention within the different foci will be fur-
ther described in the methods section.
Coaching, education, and collaboration with parents
Coaching of parents plays a prominent role in the Small
Step Program. The aim is to provide a solution-focused
approach that helps families to achieve goals that are
unique and meaningful to them. There is at present no
universal definition of coaching as a concept – defini-
tions range from a relationship-directed to intervener-
directed process – and there is no clear distinction
between parent training and coaching [40]. Graham and
colleagues’ definition of coaching contains emotional
support, information exchange, and a structured process
that includes elements such as goal setting, exploring
options, planning actions, carrying out plans, checking
performance, and generalizing. Furthermore, it is shown
that the coach facilitates goal performance and supports
parents in identifying ways to promote successful
performance [41]. When coaching was used as a major
strategy in a recent early intervention program (COPCA),
it was defined as the promotion of creative exploration of
the competencies of the family with the aim to encourage
self-made decisions in everyday activities [42]. Further as-
pects that promote learning are presented by Turner and
Paris, who emphasize the importance of motivation. They
describe a model that supports learning called the “Six-C
model” for choice, control, challenge, collaboration,
constructive meaning, and consequence [43]. Although
coaching is well established from a theoretical perspec-
tive, its effectiveness in practice has not been fully eval-
uated. A recent review summarizing the evidence for
coaching’s effectiveness found only a few high-quality
studies [44]. The most clear high-quality evidence was
for improved educational outcomes for children at risk
of developmental delay, but there was also some
moderate evidence for improving motor outcome in
children with CP if a motor learning approach is used.
In the Small Step Program, we will take a broad ap-
proach to coaching and parent training. For the thera-
pists coaching the parents to conduct the Small Steps
training program, motivational interviews [45] and
solution-focused coaching [32] are important tools.
Methods and design
This paper describes the methodology of a randomised
controlled trial comparing the effect of the Small Step
Program with treatment as usual for children younger
than 1 year of age who are at risk of developing CP or
other neurodevelopmental disorders. The outcomes of
this trial will be evaluated after 14 weeks of intervention,
at the end of the study period (approximately 35 weeks
after the start of the intervention) and when the children
are 24 months corrected age.
Primary and secondary objectives
The primary objective of this trial is to evaluate the
effects of the newly developed Small Step Program on
general development in children at risk for developing
CP or other neurodevelopmental disorders. The main
hypothesis of the study is that the Small Step Program is
more effective than treatment as usual when children
are evaluated at the age of 2 years. The rapid brain de-
velopment and plasticity during the first year of life is
utilized as a possible therapeutic window for intensive
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training. The design of the program, with three different
foci during separate time periods, was designed in rela-
tion to the second hypothesis. We assume that children
will have a more rapid development within the specific
focus of each time period compared to the development
rate within the other two foci that are not being trained
at that particular time: i.e. you learn what you practice.
The third hypothesis is that children’s ability to develop
will be influenced by the specific characteristics of any
underlying brain pathology.
The secondary objective is to evaluate the effect of the
Small Step Program on parents’ ability to cope with the
stress and anxiety related to the traumatic experience of
parenting a child at risk of developing CP. The hypoth-
esis is that parents in the Small Step Program will be less
stressed and can better cope with their child’s situation
than parents of children receiving usual care. Thus, the
tools provided within the Small Step Program like
coaching, supervision, education, and feedback on how
to stimulate task performance and communication will
make parents more able to cope with the child’s delayed
development.
The study will be a randomised, controlled, prospective,
parallel-group trial based on the Consolidated Standards
of Reporting Trials (CONSORT) statement regarding the
randomised trial of non-pharmacological treatments.
Children will be randomised to one of two arms – the
Small Step Program or treatment as usual. The chil-
dren in the Small Step Program will be further rando-
mised to start with either hand-use or mobility
(Fig. 1). The rationale for the second randomisation is
based on the second hypothesis.
The study setting
Astrid Lindgren Children’s Hospital, a tertiary hospital
in Stockholm, Sweden.
Participants
Recruitment of subjects
Infants at risk of CP or other neurodevelopmental disor-
ders after neonatal events will be recruited from the
regular check-ups that are carried out at 3 months of
age within the standard clinical follow-up program at
the Astrid Lindgren Children’s Hospital. Children will
also be recruited via paediatric neurologists who are
examining infants at risk of CP and other neurodevelop-
mental disorders who are referred to the hospital. These
are infants that have typically been exposed to or present
with perinatal risk factors such as preterm birth, hyp-
oxia, infections, heart insufficiency, small for gestational
Fig. 1 Consort flow chart for recruitment, allocation, enrolment, analysis and outcome measure
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age/growth restrictions, hypoxic ischemic encephalop-
athies (HIE), and morphological brain abnormalities.
Infants that exhibit delayed psychomotor development
or clinical signs of abnormal neurology will be consid-
ered eligible for study participation.
Parents of eligible infants will be informed about the
study only after discussions between the medical
hospital team and the study coordinator regarding the
high-risk status of the child. Families will be given a site-
specific information sheet regarding the study, and they
will have the opportunity to speak with investigators be-
fore consenting to participation in the study. Children of
parents who do not wish to participate in the study will
continue to receive usual care in the hospital and later
on at the habilitation services.
Inclusion criteria will be based on a combination of
assessments, including the Alberta Motor Infants Scale
(using 2SD as the cut-off ) and the Hammersmith Infant
Neurological Examination (HINE) together with other
findings from clinical neurological examinations. Magnetic
resonance imaging (MRI) will be used if available to sup-
port the risk of development of CP, but only MRI exami-
nations conducted as part of the clinical care will be used.
If a child is found to be possibly eligible, the neurological
signs indicating risk of CP must also be present at a sec-
ond examination carried out approximately 3 weeks after
the initial assessment before the child is invited to partici-
pate in the study. The inclusion age will vary between 4
and 8 months depending on the clarity of signs and time
of referral to the hospital. A diagnosis of CP or not will be
made by an experienced child neurologist at 2 years of age
based on the SCPE criteria (www.scpenetwork.eu), and
other neurodevelopmental diagnoses will be based on
their specific criteria.
Exclusion criteria will be unstable health, uncontrolled
epilepsy, progressive disorders, or diagnosis with a
specific syndrome. A further exclusion criterion will be
children for whom neither parent is fluent in Swedish or
English. Satisfactory skills in either language are required
for participation in data collection and the coaching and
education program.
Sample size
The study sample size has been estimated from the pilot
project of Morgan et al [19]. Thirty participants (15 per
group) has been estimated using motor composite scores
of the Peabody Developmental Motor Scale (PDMS-2)
with an alpha value of 5 % and power of 80 %, a minimal
clinically important difference of 10 %, and a 20 % drop
out rate. The Small Step Program has not previously
been used, but it has similarities to the method of
Morgan et al [19]. However, the design of the Small Step
Program requires sub-analysis of growth curves. This re-
quires a higher N, and the planned study sample size is
therefore increased to 48 children (24 per group).
Interim analysis will be done continuously to control for
sample size.
Randomisation
The baseline assessments of the children will occur prior
to randomization after informed consent is collected.
The randomisation is based on a prepared random as-
signment number list kept by the principal investigator
(PI) in a locked room. The children will be allocated to
group by block randomisation. Stratification will be used
to control for gestational age (preterm <37 weeks and
term >37 weeks). The infant will be assigned to the next
position and added to the list by the PI. If an infant is
later excluded for any reason, the infant’s position in
the randomisation list will not be replaced by any
new infants. Children in the Small Step Program will
be further randomised to start with either the mobil-
ity or hand use focus.
Blinding
The therapists responsible for data collection will not be
blinded to group allocation, however, the persons scor-
ing the video-based outcome measures will be blinded
to group allocation. Persons involved in data collection
will not be involved in the treatment of the children and
families. Families will not be blinded to group allocation,
but they will be blinded to the study hypotheses.
Study protocol
The time schedule for enrolment, interventions (includ-
ing any run-ins and outs), assessments, and participant
visits is shown schematically in Fig. 1. Data collection
will occur at the start of intervention (baseline), after
14 weeks, post-intervention (approximately 35 weeks),
and when the children are 2 years of age (corrected for
prematurity) (Fig. 1). Additional data collection in the
Small Step group will occur at 7, 21, and 28 weeks after
baseline. This means that each step in the program will
be evaluated and that hand use and mobility will be
trained for two time-periods and communication will be
trained for one period during the intervention.
Data collection and neurological examination of the
child will take place in the hospital. Parent question-
naires and interviews will take place where it is most
convenient for the parents. Project organisation is han-
dled by ACE (the PI), LH, and KL. Data will be stored
according to the rules of the Karolinska institutet and
only the research group will have access to the final
dataset. Reviews of the project process will be planned
regularly by the investigation team. We will continuously
monitor and reporting adverse event and other unin-
tended effects of trial intervention or trial conduct.
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Small step program
The Small Step Program has three different foci as part
of the intervention, but there are general principles that
are common for all three areas of the intervention. The
rationale for dividing the intervention program into
hand use, mobility, and communication is to help the
families to optimize the training within each focus area.
The general principles of intervention will help parents
to see the link between the different foci for training and
to better understand the overall idea behind the Small
Step Program.
All children will follow the general follow up program
at the hospital but during the study period, no other
intensive treatment will be provided. If the children are
referred to Habilitation Services, the general support will
be available but the physiotherapy, occupational therapy,
and speech and language therapy will not start until the
active study period is finished for the group that is ran-
domized to the Small Step Program.
General principle for training
Training will be conducted on a daily basis in the chil-
dren’s homes with the parents as training providers and
with weekly coaching and education from the therapists
responsible for the specific focus areas. The individual-
ized goals for training will be adapted to the child’s func-
tional level in all focus areas, and the family will be
actively involved in identifying goals for the child. Thus,
there will be specific goals for each focus area. The first
step in the goal-setting procedure, independent of which
focus area is being trained, is to determine the child’s
strengths and to identify what self-initiated actions they
can perform under optimal conditions. These actions
will be the starting point for the training and goal-
setting procedure and will be used to determine the
expected trajectory of development and progress in all
three focus areas. It is important that the goals always
reflect the current ability level and that they are not too
difficult and not too easy. The goal-setting requires par-
ents to be highly involved, and to ensure this collabor-
ation the therapist will use techniques from motivational
interviewing [45]. Intensity and repetition of the goals
are important aspects of the program, and the specific
activities should be frequently repeated every day during
the training periods. The families will be made aware of
how much repetition is needed for sustained learning.
To ensure that the intended intensity of the program is
reached, we will instruct parents to note the amount of
time spent practicing each day.
The infant’s self-initiated actions form an important
basis in all focus areas. This means that the initiative to
move, to use the hands, and to communicate should be
the result of the infant’s desire to explore the world as
facilitated and stimulated by the training provider. The
environment should contain stimuli that capture and
drive the child’s actions, and the training provider’s task
is to attract and help the child to maintain their atten-
tion. To outside observers it should be possible to
understand what the child is intended to do, i.e. the
training provider has to make sure that the child under-
stands what is expected of them. It is important to sup-
port the parent to follow the child’s lead. Thus, the
treatment provider should follow and support the child’s
actions and not disturb or change the direction of the
actions. To stimulate the child’s self-initiated activities,
parents are encouraged to use their knowledge of their
child’s favourite playtime activities and interests and to
use the familiar context and environment at home to
support the child’s development. Increased responsive-
ness to the child’s actions, communicative attempts, and
environmental cues will form the key principles of the
parent coaching and education that is included in the
program. The aim is to help the parents to adapt their
responses to the child’s initiative and ability as they de-
velop. Key advice can be: Wait for the child’s initiation,
maintain their attention, tempt and encourage the child
to act, do not try to force actions, and reinforce and re-
spond positively to the child’s action. The parent should
help and guide the child, i.e. be hands-on when neces-
sary and hands-off when not necessary. The home envir-
onment for training is chosen because it is important to
teach families to use the available possibilities in the
child’s daily environment to promote the child’s devel-
opment. The use and enrichment of the home environ-
ment is part of all focus areas. This includes careful toy
selection and adaptations of the physical set up, includ-
ing the positioning and use of conventional baby equip-
ment, to help the parents use their environment in an
optimal way.
Although different therapists are responsible for each
focus area, the overall aim is to strengthen the parent in
the role of being the one who knows what is best for
their child. This is also important for parents’ motiv-
ation, to organize the training sessions and to actively
interact and engage with their child during the training
[43]. The “Six-C” model described by Turner and Paris
will be used by the therapists when coaching and motiv-
ating the parents to be the treatment providers. The six
words in the model reflect important aspects of learning
from both the child’s and the parents’ perspective. 1.
Choice: the parents are actively involved in selecting the
goal for where they expect their child to improve. 2.
Control: the parents have control of the situation, and
the child has control over the activity, at least to some
degree. 3. Challenge: the parents are challenged to man-
age the situation of practicing with their child, and the
child is challenged to reach their individual goal. 4.
Collaborations: the parents, the child, and the therapists
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collaborate mutually towards the child’s motor and com-
municative learning goals. 5. Constructive meaning: the
area chosen for the child’s motor and communicative
learning is meaningful for both the child and the par-
ents. 6. Consequence: successful motor and communica-
tive learning enables the child to reach more advanced
motor and communicative activities. In the coaching
process, the families are supported in finding the balance
between specified training, everyday expectations, and
other family needs. Specific information about the evi-
dence of early intervention will be given and discussed
as part of the educational program.
Focus areas for training
Hand use is based on the assumption that grasping abil-
ities help the infants to explore their environment Devel-
opment of manual dexterity and different aspects of
hand-eye coordination in infants are essential elements
of cognitive development. Motor skills and mental pro-
cessing are developed in conjunction with each other,
and both processes are essential for exploring toys. Ex-
citing toys chosen to suit the child’s developmental level
and level of hand function will stimulate the child to
perform self-initiated actions. Activities on the right
level for the child will be important, and for the youn-
gest children and children at the lowest ability level, ac-
tions as simple as reaching out to touch their mother’s
nose could be meaningful. With the child’s increasing
awareness and fine motor development, grasping be-
comes possible to practice. This provides the opportun-
ity for object exploration, and objects with different
properties trigger different hand actions. By using ob-
jects with different properties like shape, size, density,
and texture, mental processing will be stimulated and
will increase the child’s ability to perform repetitions of
various actions. With development, children will be
stimulated to perform more goal-directed play including
simple sequences, like pulling things out of boxes and
putting them back in and using both hands in a coordi-
nated manner, for example, to pull things apart. The ex-
perience of activities and repetition promotes motor
skills as well as higher-order problem-solving skills and
leads to more advanced actions. To facilitate hand use, a
position that is as upright as possible should be used,
and if needed adjustable baby seats and chairs should be
used. Most importantly, posture and hand use should
not be trained at the same time because insecure posture
will influence object exploration. Practice will be centred
on the child’s major problems, and this might be motor
problems for some children while it might be a lack of
interest in object exploration that is the limitation for
others. For all children, there is a need to continuously
increase variation in object exploration to promote
cognitive development.
Mobility is based on the assumption that children have
an inner drive to move and to explore their environ-
ment. The overall objective of the intensive practice of
new functional goals of gross motor function will
optimize the infant’s possibilities to perform meaningful
activities in daily life as they grow older. The training
aims to increase postural control and mobility. Training
will be tailored in relation to each child with respect to
individual strengths and interests. Manual management
will be provided to increase the child’s own stability
when intending to move and when introducing new
functional activities. The manual management is with-
drawn gradually as the child demonstrates improved
ability to manage and control a sequence of the activity.
Less “hands on” assistance will be required, and the chil-
dren will experience enjoyment with increasing compe-
tence in their own body and by learning from trial and
error. The manual management is aimed to reduce the
degrees of freedom in different joints rather than to
facilitate activities as is the case in most previous neuro-
developmental approaches [36]. Once a motor skill is
learned, variability of practice is introduced to increase
the complexity and generalizability of the skill. To
stimulate the child’s gross motor activity and intention
to move, parents are encouraged to interact with the
child and help them to keep their attention on the tasks
being practiced. The environment (different rooms, fur-
niture, and toys) in the child’s home will be arranged to
motivate and challenge the child to repeatedly practice
towards the expected goals with gradually increasing
levels of ability. Parents will also be encouraged to use
everyday situations, for example, when the child has to
turn around or sit up after changing diapers. Using
familiar situations like placing the child in front of a par-
ent’s drawer, which parents often open and pick objects
from, will motivate the child to stand up to attempt to
reach the objects in the drawer. For children with
pronounced motor delays, parents will be encouraged to
bring them up into a standing position to promote phys-
ical activity and to provide stimulation and experiences
of changing positions. Parents will be encouraged to use
baby-walkers and other equipment to give the child the
opportunity to stand and move around and explore their
environment independently.
Communication training assumes that all children will
have an inner drive to communicate. In the Small Step
Program, we will help families to become aware of small
signs of intentional communication from their child,
which in turn will stimulate communication between
parents and their the child. The communication frame-
work is mainly based on the Hanen parent program
[46]. This implies child-centred communication, i.e. par-
ents are encouraged to actively observe the child’s
moment-by-moment focus and to promote the child’s
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interactions by following the child’s lead by imitating,
interpreting, and expanding the child’s vocalisations and
non-verbal signals. During the communication interven-
tion, the parents will be guided in how to apply the triad
of child-centred, interaction-focused, and language-
facilitating communication strategies in their everyday
interactions with the child. This approach stresses the
importance that the parents try to observe and reinforce
all types of communicative attempts the child makes
(vocalisations, gazes, gestures, and bodily movements)
and to interpret them as meaningful. For a small child,
the parent’s face and voice are the most important lan-
guage markers because they serve as the basis for the
development of social cognition. Facial expression to-
gether with vocal variation guide the child in under-
standing which parts of a spoken utterance contains
critical information that the child needs in order to dir-
ect his/her attention. Here, parents will be educated on
the importance of using child-directed speech in their
daily communication, thus adapting their communica-
tion style to the developmental level of the child. Ideas
on play materials and how nursery rhymes and songs
might capture and maintain a small child’s attention
and support language acquisition are introduced and
discussed. Because many of the children in the Small
Step Program face physical challenges, Alternative
Augmentative Communication techniques might need
to be introduced.
Usual care
Children in the control group will receive training in ac-
cordance with the customary procedure in the hospital
follow-up program. This program includes instructions
to parents regarding home training. It is not possible to
standardise the frequency, intensity, or type of interven-
tions received in the control group because these are
based on a combination of resources and the child’s in-
dividual needs. However, the families typically meet a
physiotherapist for treatment and advice every third
week during the first 2–3 months and then about once a
month at the hospital. Subsequently, the children will be
referred to the Habilitation Services at some time during
the first year of life to continue with therapeutic inter-
ventions by different professions in accordance with the
needs of the individual child. In the Habilitation Service
a multidisciplinary team approach is available. The con-
tent of therapy in usual care is to support general devel-
opment and to promote development of functional skills
based on the principals of motor learning. Data on the
number of appointments for physiotherapy, occupational
therapy, and speech and language therapy will be col-
lected after the study is ended. The difference for fam-
ilies included in the control group from those receiving
typical customary care will be that they will get feedback
on their children’s progress after each examination per-
formed by the researchers at the hospital.
Outcome measures and procedures
Children and parents in both groups will be assessed at
the different endpoints (Fig. 1). The assessments are
chosen based on the first aim of the study and to meas-
ure general and specific development and describe the
characteristics of the brain lesion. Assessments chosen
for the second aim evaluate the effects of the program
on the parent’s perspective. The Peabody Developmental
Motor Scales, Second Edition (PDMS-2) will be used as
the primary outcome measure.
Assessments for general development
PDMS-2 is a standard measurement that assesses gross
and fine motor skills in young children from birth
through age 5 [47]. The PDMS-2 is composed of six
subtests that assess related motor abilities that develop
early in life. In this study, the Object Manipulation,
Grasping, and Visual-Motor Integration subtests will
used. The scores on these subtests are presented as
percentiles, standard scores, and age equivalents, and
the results are used to generate a composite score – the
Fine Motor Quotient.
Bayley Scales of Infant Development (BSID-III) is a
standard measurement to assess the fine and gross
motor development, the receptive and expressive lan-
guage development, and the cognitive development of
infants and toddlers ages 0–3 years [48]. This measure
consists of a series of developmental play tasks and takes
between 45 and 60 min to administer. Raw scores of
successfully completed items are converted to scale
scores and to composite scores. These scores are used to
determine the child’s performance compared with norms
taken from typically developing children of the same age
in months.
Hammersmith Infant Neurological Examination (HINE)
is a method to estimate the neurological development of
infants aged 2–24 months [49]. It includes three sections:
1) Neurological Exam – tone and movements, 2) Develop-
ment of Motor Function – head control, sitting, walking,
crawling, rolling, and grasping, and 3) State of Behavior –
consciousness, social orientation, and emotional state. An
optimality score is obtained by calculating the distribution
of the frequency of the scores in the normal population.
The overall score ranges from a minimum of 0 to a max-
imum of 78. At 9 or 12 months, scores of 73 and greater
are regarded as optimal and below 73 as suboptimal, while
at 3 and 6 months healthy term infants have median
scores equal to or greater than 67 and 70, respectively.
Alberta Infant Motor Scale (AIMS) identifies infants
aged 0–18 months who are delayed or deviant in motor
development. It is an observational assessment that
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identifies the gross motor performance of an infant com-
pared to a norm-referenced sample. There are 58 items
related to prone, supine, sitting, and standing positions,
and the results are reported in a composite score. AIMS
has good psychometric properties [50, 51] and has been
specially investigated for use with preterm infants [52].
Assessments for the specific training foci
Gross Motor Function Measure (GMFM-66) is an obser-
vational, standardized, and criteria-referenced measure
that was developed to evaluate changes in gross motor
function in children with CP [53, 54]. The items cover
gross motor capacity from lying and rolling to walking,
running, and jumping. In GMFM-66, the 66 items are
organized in increasing difficulty from 0 (low capacity)
to 100 (high capacity) along an interval scale (Rasch ana-
lysis). Each item is scored on a four-point Likert scale
(0–3). It can be used from 5 months of age, and a 5-
year-old typically developing child is expected to achieve
a score of 100. The GMFM-66 is reported to be valid,
reliable, and responsive to changes in gross motor
capacity in children with CP [55].
Hand Assessment for Infants (HAI) was developed to
identify and measure upper limb asymmetry and general
manual development from 3 to 12 months in children at
risk of developing CP. The test procedure comprises a
semi-structured video-recorded play session lasting 10–
15 min. A test kit of toys is presented to the infant to
encourage and elicit exploration, making a wide range of
a unilateral and bilateral hand movements observable.
The HAI scale consists of 17 items scored on a three-
point grading scale. HAI is still under development, but
preliminary Rasch analysis indicates promising results in
terms of internal construct validity and unidimensionality.
Pediatric Evaluation of the Disability Inventory (PEDI) is
a norm and criteria-referenced measure that evaluates
functional skills and caregiver assistance in the domains of
self-care, mobility, and social function [56]. The child is
assessed through structured interviews with the parents.
The summary scores can be converted to normative
standard scores and scaled scores, and normative score
are available for children aged 6 months to 7.5 years. The
scaled scores range on a continuum from 0 to 100. PEDI
is available in a Swedish version (Nordmark [57].
Parent-child Early Relational Assessment (PC-ERA)
measures parent’s and the child’s affect and behavioural
characteristics. Ratings are based on observations of
videotaped parent-child interactions in three types of
situations – free play, feeding, and a structured task
[58, 59]. The purpose of the method is to capture the
child’s experience of the parent, the parent’s experi-
ence of the child, the affective and behavioural
characteristics that both bring into the interaction,
and the quality or tone of the relationship. The
reliability and validity of the method have been ad-
dressed in both high-risk and normative populations
with positive outcomes.
Swedish Early Communicative Development Inventory
(SECDI) is a parent questionnaire and is the Swedish
version of The MacArthur Communicative Development
Inventories (CDI). CDI is an internationally recognized
parent reporting instrument for assessing early language
development in children. The reliability and validity of
SECDI has been investigated thoroughly and has been
found to be satisfactory [60, 61]. The instrument consists
of two separate inventories: Words and Gestures (CDI/
WG) for children 8 to 16 months and Words and
Sentences (CDI/WS) for children 16 to 30 months.
Examinations used to describe brain pathology
Structural magnetic resonance imaging (MRI) will be
used to investigate the third hypothesis of this study.
Brain lesion characteristics (i.e. type, location and extent)
will be described using MRI acquired for clinical pur-
poses. The age at imaging will thus vary, but images
collected when the child is older than 6 months will pri-
marily be used. All MRIs will be visually assessed specif-
ically for this study by experienced neuroradiologists
unaware of the infants’ clinical diagnosis and functional
outcome. The analytical protocol was developed in our
group and has been applied in a previous study [62]
using the primary patterns of abnormality defined and
described by Ashwal [63].
Assessments evaluating the parent’s perspective
Responsive Augmentative and Alternative Communica-
tion Style Scale (RAACS) Version 3 was developed for
the purpose of assessing parents’ communicative styles
with children who have communication difficulties [64].
The assessment is based on a video of free communica-
tion between parents and their children lasting a
maximum of 10 min. It is a criteria-based assessment in
which the films are coded on seven domains with a
three-point grading scale. The results from the RAACS
Version 3 can be used for planning and interventions as
well as an outcome measure.
Swedish Parenthood Stress Questionnaire (SPSQ) mea-
sures perceived parental stress and is a revised version of
the parent domain of the Parenting Stress Index. The
instrument contains 34 items within the five sub-areas
of Incompetence regarding parenthood, Role restriction,
Social isolation, Spouse relationship problems, and
Health problems [65]. The response options range from
“Strongly agree” to “Strongly disagree” on a Likert scale
of 1 to 5, with a total score of 170. Higher scores indi-
cate higher stress. The SPSQ has been found to be a
valid and reliable instrument [66].
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The Hospital Anxiety and Depression Scale (HADS) is a
self-assessment scale developed to detect states of depres-
sion, anxiety, and emotional distress among patients who
are being treated for a variety of clinical problems [67].
The HADS is a fourteen-item scale that generates ordinal
data, and higher scores indicate more distress. Prior to
completing the scale, patients are asked to “fill it com-
pletely in order to reflect how they have been feeling during
the past week”. HADS is translated into Swedish.
The Working Model of the Child Interview (WMCI) is a
semi-structured, open-ended interview designed to assess
parent’s representations of their infant/child and their
relationship with their infant/child [68]. The interview is
videotaped and takes approximately 1 h. The WMCI is
coded and summarized into classification types reflecting
the parents’ overall state of mind with respect to their
relationship with their infant/child. The WMCI has been
found to be both a reliable and valid approach to scoring
representational aspects of parent-child relationships.
Statistical methods
Descriptive data for each outcome measure (primary and
secondary) will be summarized and presented for both
treatment groups (Small Step or treatment as usual).
Changes over time and developmental trajectories will be
investigated in both groups for each outcome measure with
the use of mixed models, repeated-measures ANOVA, or
corresponding non-parametric options depending on the
data level and the distribution of data and in accordance
with guidelines for RCTs. Post hoc analysis with correction
for multiple comparisons will be applied when suitable.
Group comparisons on all outcome measures will be made
at 14 weeks and approximately 35 weeks after the start of
the intervention and when the participants are 2 years old.
All analyses will be conducted using IBM SPSS Statistics
22, and a significance level of p < 0.05 will be used.
Discussion
By developing the Small Step Program and using it with
children at risk for neurodevelopmental disorders, we
aim to influence the affected developmental trajectories
in a positive way so that they approach what is expected
in typically developing children. We do not think the
program will prevent children from developing CP, but
the aim is to get the children to function on a higher
level than if not treated by the program. If the program
is effective, the new knowledge generated will have an
important impact for planning both short and long-term
treatment and services.
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